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Abstract 
Polysulfonamide fibers were treated with sulfuric acid and sodium hydroxide solution with different concentration 
respectively. The strength retention rate of the fibers was examined after the treatment. The morphologies of the fiber 
surface were characterized using scanning electron microscope and the degradation has been evaluated by FTIR. 
Based on the experimental results, possible corrosion mechanisms are addressed. 
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1. Introduction 
Chemical corrosion is unavoidable in the application of bag house because the industrial furnaces 
smoke contains some acid gas and alkali substances, which will cause the surface layer of fibre chemical 
reaction once condensates. This will result in the failure of the media and decrease the service life of the 
fabric1. It is believed that the durability of filter media may affect the lifetime of the bag house to some 
degree. Consequently, it is necessary to understand how the materials behave during long-term 
application2.
Polysulfonamide fibre (PSA), industrialized by Shanghai Textile Holding (Group) Corporation, has 
independent intellectual property rights. It belongs to aromatic polyamide and its high temperature 
stability is better than the common used fibres, such as PMIA, PPS, P84 and other aromatic high-
temperature fabric3,4,5. In addition, it has excellent thermal dimensional stability as well as being non-
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combustible. For these reasons, PSA fibre has widely been applied to many fields, such as personal 
protection in fire fighting, home textile and home security. 
Most of the previous studies on the tensile degradation behaviours of PSA fibres are focused on the 
influence of temperature. As shown in Refs. [4], the strength and elongation of PSA fibres didn’t change 
evidently after treated for 24 h at 200℃. The lack of complete understanding of the resistance to corrosion 
and basic damage mechanisms of degradation of the fibre is obvious.  
Because the long-term chemical resistant of the fibres cannot be measured or determined, in this 
research a test was carried out to investigate the resistance to corrosion of PSA fibre under fixed 
accelerated acid and alkali condition. The aim of this work was to investigate the direct effects of 
sulphuric acid and sodium hydroxide solution on the performance of PSA fibres. This work also studies 
the damage mechanisms of PSA fibre under these conditions through identifying the changes in chemical 
structure, morphological characteristics and influence on the tensile properties. 
2 Experimental 
2.1 Material 
The PSA fibre tested in this study, in the form of 2.22 dtex, was produced by Shanghai Tanlon Fiber 
Company, China. 
2.2 Methods 
Two corrosion conditions have been chosen in this experiment. The samples were immersed in 
sulphuric acid and sodium hydroxide solution at 85 , with a concentration of 30% and 5% respectively. ℃
The treating time ranged from 0 to 12 h and the temperature variability was estimated at ±2  during the ℃
period.  
Tensile strength of the samples before and after treatment was measured. The fibre strength was 
measured according to GB/T14337-2008 using a XQ-2 fibre tensile tester (manufactured by NFI, China) 
with a nominal gauge length of 20mm and a rate of extension of 20mm/min. Strength retention rate is 
defined as the ratio of residual strength to the initial strength. 
Scanning electron micrographs of the fibres were taken to detect surface morphologies by corrosion, 
using a JSM-5600LV field emission gun scanning electron microscope (manufactured by JEOL, Japan) at 
15 kV voltages. 
FTIR spectroscopy analysis of the fibres was performed with a Nicolet Nexus 670. The spectra were 
recorded with a resolution of 0.09 cm-1. The spectra were analysed with OMNIC software.  
3 Results and discussions 
3.1 Sulfuric acid solution treatment
Fig.1 shows the tensile behaviour of PSA fibre after acid treatment. As seen, the breaking strength 
retention rate drops dramatically with treating time. The breaking strength drops more than 10% every 4 
hours. Meanwhile, the elongation rate falls even quickly with the treating time. The elongation retention 
rate drops sharply after 4 hours. When it comes to 8 hours, the elongation retention rate is only 52.15% 
and then it decreases slowly with further treating time. 
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Fig.1. Retention rate-treating time curves (acid treatment) 
The surface morphologies and infrared spectra of acid-treated and untreated PSA fibres are shown in 
Fig.2. After the treatment for 12 hours, the surface layer becomes rough and some slight cracks appear 
along the axial direction. Plenty of defects spread all over the surface layer and serious local corrosions 
present as bubbles (Fig.2b). This could account for the sharp decrease of retention rate of strength and 
elongation. After 24 hours treatment, the damage becomes even obvious. The cracks go deep into the 
internal of the fibre and net structure turns up in the interior of the fibre. Some fibres even appear rupture 
(Fig.2c).  
The infrared spectra are presented here to indicate the change of functional group of the PSA fibre after 
acid treatment. There is a strong absorption peak in the 3437cm-1 position, which is N-H stretching 
vibration absorption. There exist another three relatively strong absorption peak in the 1652cm-1, 1591 
cm-1, and 1394cm-1position. These are respectively C=O stretching vibration (amideⅠ ), N-H 
deformation vibration (amideⅡ) and C-N stretching vibration (amide Ⅲ). Above absorption shows the 
existence of -CONH-group. Besides, there are two relatively strong absorption peaks in the 1296 cm-1 
and 1142 cm-1 position. This is stretching vibration of -SO2- group. When the treating time is within 12 
hours, the stretching vibration is substantially unchanged. This all changed when the fibres are treated in 
the acid condition for 24 hours. There emerges a broad and strong absorption band between 
2551~3376cm-1, which is the H-O stretching absorption. In the 1688cm-1 and 1419cm-1 position, there 
appear two strongest peaks and they are C=O absorption and C-O stretching vibration absorption 
respectively. This indicates the existence of -COOH-. The reaction in the internal fibre probably is -
CONH- changes to -COOH-. Table1 gives an overview of the infrared absorption of the PSA fibre before 
and after acid treatment. 
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Fig.2. SEM images and infrared spectra of PSA fibre before and after treatment in H2SO4 solution 
(a. original fibre; b. after 12 h treatment; c. after 24 h treatment ) 
Table1. Assignment of absorption peak of PSA fibre in infrared spectra 
untreated after 24 h acid treatment 
Assignments Band position/cm-1 Assignments Band position/cm-1
N-H 3437 H-O 
C=O
C-O
2551~3376 
1688 
1419 
C=O
N-H 
C-N
1652 
1591 
1394 
-SO2-
1296 
1142 
C-H 832 
683 
C-H 832 
683 
3.2 Sodium hydroxide solution treatment 
The tensile behaviour of PSA fibre after alkali treatment is represented in Fig.3. The retention rate of 
strength and elongation drops more quickly than that in the acid environment. When the treating time is 4 
hours, the breaking strength retention has fallen to 69.52%. In the following 4 hours, it declines slightly. 
When the treating time is 12 hours, it has an evident decrease and falls to 27.18%. The elongation 
retention rate has the same trend with the strength retention rate, but has a steeper slope. This shows that 
after 12 hours in the sodium hydroxide solution, the PSA fibre has been seriously eroded. 
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Fig.3.Retention rate-treating time curves (alkali treatment) 
Fig.4 shows the SEM images and infrared spectra of the PSA fibre after alkali treatment. After the 
treatment for 4 hours, the surface layer becomes rough and strips slightly (Fig.4a). Then after 8 hours, the 
peel phenomenon aggravates to a large extent (Fig.4b). There emerges massive floccules on the fibre 
surface after 12 hours treatment (Fig.4c), indicating that some chemical reaction has occurred during the 
treatment. Apparently, the fibre has been ruined critically under this alkali conditions. 
The infrared spectra are presented here to indicate the change of intensity of absorption band of the 
PSA fibre after alkali treatment. Unlike the spectra after acid treatment, the position of absorption band 
doesn’t change roughly. Within 8 hours’ alkali treatment, the absorption peaks are substantially 
unchanged. After 12 h treatment, the intensity of absorption band in the position 832 cm-1 and 683 cm-1 
change significantly. This indicates that the molecular structure of benzene rings has some transformation. 
Polysulfonamide fibre is considered to be a high molecular material with high crystallinity and high 
orientation molecular structure. The bridge key to get satisfactory fibre strength results from crystal defect 
in fibre axial structure. It is thus likely that the change of intensity of absorption band observed here may 
be due to the agglutination of molecular chain end in the crystal defect plane; however it was not specified 
by the authors.
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Fig.4. SEM images and infrared spectra of PSA fiber before and after treatment in NaOH solution 
(a. after 8 h treatment; b. after 12 h treatment) 
4 Conclusion 
The polysulfonamide fibre may be damaged greatly in the H2SO4 and NaOH solution with 
concentration of 30% and 5% respectively. The tensile strength of the fibres decreases with increasing 
treatment time. It seems that the acid treatment on the strength reduction is not as obvious as alkali 
treatment.  
The acid resistance of the PSA fibre is better than the alkali resistance. The surface morphologies of 
the fibre after acid treatment do not change as much as those after alkali treatment. The mechanism 
corrosion is different in acid and alkali condition, which has evidenced through the infrared analysis. 
There is chemical reaction of the fibre and sulphuric acid, while there only emerges agglutination of 
molecular in the alkali condition. Finally, for the bag filter used in corrosive environment, both high 
strength and high corrosion resistance are required. From a durability point of view, the PSA fibre 
reinforced composite could be used in a chemical environment for long-term service. 
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